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CTAA 28A32, THE ANTIGEN RECOGNIZED BY MCA 28A32 



BACKGROUND OF THE INVENTION 

Colorectal cancer is the second most prevalent cancer in 
5 the United States, affecting both men and women. Until 
recently, the only viable treatment for this disease has been 
surgery, which has a poor prognosis for patients with 
transmural extension of tumor and metastasis to regional lymph 
nodes. A dramatically improved prognosis was indicated in a 

10 recently reported randomized Phase Il-active specific 
immunotherapy trial, which showed that immunization of patients 
with autologous tumor cells admixed with Tice BCG (Bacillus 
Calmette Guerin) (Institute for Tuberculosis Research, Chicago, 
IL) significantly increased delayed cutaneous hypersensitivity 

15 responses and, over a four year period of time, significantly 
decreased recurrence and mortality ( 3 ) . 

There have been numerous publications describing the 
identification of colon carcinoma-associated antigens (4-9). 
The majority of these antigens were identified using monoclonal 

20 antibodies generated by immunizing mice with some form of the 
colon tumor (extracts, dissociated cells, membrane 
preparations, and etc.) or colon tumor cell lines. These mouse 
antibodies identify a repertoire of antigens that were 
antigenic in the mouse. In addition to these studies, there 

25 are several reports of human monoclonal antibodies that show 
specific reactivity with tumor material. 

Using peripheral blood B-cells from colorectal patients 
actively immunized with autologous tumor cells and BCG in 
immiinotherapy protocols, we have successfully developed a 

30 strategy for producing human anti-ttimor monoclonal antibodies 
( 11 ) . Unlike mouse monoclonal antibodies generated against 
human colon cancer, which often recognize tissue components 
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also found in healthy individuals, such as CEA, our human 
monoclonal antibodies exhibit no reactivity with CEA, blood 
group determinants or histocompatibility antigens, indicating 
that these antibodies are characterized by a specificity 
confined to those epitopes that are recognized as immunogenic 
in the autologous host. 

We have used these human monoclonal antibodies as probes 
to identify tumor antigens. We have identified a particular 
antigen in colon tumors, extracts of colon tumor cell lines and 
human tumor xenografts generated in nude mice. The subject 
antigen is characterized by containing an epitope recognized by 
human monoclonal antibody (MCA) 28A32, which has been detected 
in approximately 70% of all colorectal tumors. 

SUMMARY OF THE INVENTION 

The present invention ctMnprises the epitope recognized 
by the human monoclonal antibody 28A32 and the human tumor 
antigen, designated CTAA 28A32, containing this epitope, which 
we have identified, isolated and characterized. The cell line 
for producing hioman monoclonal antibody 28A32 is claimed in 
copending application USSN 07/038,811 filed April 15, 1987. 
The invention also relates to the use of antibodies to the 
antigen containing this epitope for diagnosis and monitoring of 
treatment of cancer and to the use of this antigen in the 
preparation of vaccines to elicit an immune response similar to 
that obtained against tumor cells containing this epitope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates gel filtration chromatography of 
CTAA 2 8 A3 2. Figure 2 shows anion exchange chromatography of 
the 50K and 46K fractions, pools 2 and 3, after gel filtration 
chromatography of this antigen. Figure 3 illustrates cation 
exchange chromatography of the 36K and 32K antigens from pool 
4 of Figure 1. Figure 4 illustrates purification of 46K and 50K 
proteins by hydrophobic interaction chromatography from a butyl 
fractogel column. The purity of the antigen is demonstrated in 
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Figure 5 and Figure 6 by SDS polyacrylainide gel electrophoresis 
and HPLC, respectively. Figure 7 provides protein sequence 
data for each of the antigens. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

We have found antigen containing the epitope recognized 
by human MCA 28A32 in approximately 70% of the colon tumors 
examined (11). We have also fo\ind the colon carcinoma cell 
lines HT-29, SW1463, SW948, SW403, LS174, LoVo and WiDr (ATCC, 
Rockville, MD) to contain the same antigen. Because of the low 
reactivity of human MCA 2 8 A3 2 with matched normal colonic 
tissue, it is evident that this antigen is preferentially 
expressed in colon ttimor cells. 

Purification of the antigen was achieved by salt 
precipitation, gel filtration chromatography, ion exchange 
chromatography, and hydrophobic interaction chromatography. 
Each purified component of CTAA 28A32 migrated as a single 
protein by denaturing gradient polyacrylamide gel 
electrophoresis under reducing conditions. 

The molecular weights of the native proteins 
characteristic of the antigen, as estimated by gel filtration 
chromatography, were the same as that obtained by SDS-PAGE. 
These are approximately 50K, 46K, 36K and 32K for the four 
antigenic proteins recognized by MCA 28A32. 

Based on crude fractionation of cellular components, it 
has been determined that the 36K protein can be found 
associated with membranes and the 50K, 46K and 32K proteins are 
found in the cytoplasm of cells. 

Partial protein sequence information has been obtained 
for all of the proteins of CTAA 28A32. Based on computer 
searches of the NBRF Protein Database, no homologies have been 
found for the 5 OK, 36K and 32K proteins. The 46K protein shows 
a strong homology with hximan a-enolase but has some amino acid 
sequences that differ, indicating that this is a unique protein 
that could represent an altered form of this enzyme. 

We have isolated this timior associated antigen by its 
reactivity with the 28A32 hiaman monoclonal antibody. Based on 
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the presence of this antigen in various colon carcinoma, as 
well as its ability to stimulate cloned T-cells, it is a 
significant antigen for diagnostic purposes and for vaccine 
development. CTAA 28A32 is defined and clearly identified by 
5 its immunoreactivity with human MCA 28A32, its molecular weight 
characterization and the partial protein sequence information. 



Extraction and Purification of CTAA 28A32 Recognized by hxaman 
10 MCA 28A32 ^ 

Reactivity of MCA 28A32 antibody was assessed with seven 
human colon tumor cell lines, enzymatically dissociated cells 
from eight primary colon tumors, and enzymatically dissociated 

15 tumor cells from four colon tumor xenografts, all prepared as 
air-dried cytospin preparations. For the seven colon txunor 
cell lines, the human IgM monoclonal antibody 28A32 was used at 
a concentration of 300 nanograms per slide. The antibody was 
tested on the eight primary tumor cell preparations as well as 

20 the colon txamor xenograft preparations. Formalin-fixed, 
paraffin embedded colon tumor tissues and the corresponding 
normal colon from three patients were also tested using the 
indirect procedure. 

25 Cell Lines 

Human colon adenocarcinoma cell lines HT-29, SW-1463, 
SW-948, SW-403,Ls-174, LoVo and WiDr were obtained from the 
American Type Culture Collection (Rockville, Maryland). The 
cells were cultured in recommended culture media supplemented 

30 with 10% fetal bovine serum (FBS). All cells were incubated at 
37 °C and in an atmosphere of 5% CO2. 

Monoclonal Antibodies 

The heterohybridoma cell line producing the human 
35 monoclonal antibody MCA 28A32 was grown in hollow fiber 
cartridges in the presence of RPMI 1640 supplemented with FBS, 
The antibody, a human immunoglobulin-M (IgM), was purified by 
gel filtration and ion exchange chromatography. 
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Indirect Immunohistochemistry With MCA 28 A3 2 

Biotin labeling of MCA 28A32 and control human IgM was 
performed in physiological buffer with biotin -N- 
hydroxysuccinimde (Calbiochem) dissolved in dimethylformamide 
5 at a initial molar ratio of 120:1 biotin to antibody. After 15 
minutes at room temperature, the reaction mixture was dialyzed 
against PBS in order to remove the free biotin. The 
biotinylated antibody was reacted with formalin- fixed paraffin 
embedded colon ttamors and the non-involved normal colon taken 

10 from the margin of the resected colon at surgery. The ABC 
peroxidase method (Vector Laboratories) was used for 
visualization of the reactivity. The antibody was titered at 
various concentrations up to 40 ug/ml of antibody. 

Reactivity of the biotinylated antibody was also 

15 examined against other normal tissues. Formalin-fixed paraffin 
embedded sections of normal tissues from breast, esophagus, 
stomach, gall bladder, kidney, and lung were used to ascertain 
the specificity of this antibody. 

All seven colon tumor cell lines were reactive with 

20 28A32 using the indirect peroxidase method. The antibody was 
also reactive with seven of eight primary colon tumors as well 
as all four xenograft preparations. This data is summarized in 
Table 1. 

MCA 28A32 directly labelled with biotin was reacted with 
25 seven pairs of formalin- fixed, paraffin embedded colon tiomor 
and autologous non-involved colon. Results obtained from these 
various tissue sections can be seen in Table 2. Good 
specificity was seen with tumor tissue versus normal colon at 
both the highest concentration used (40 ug/ml) and at lower 
30 concentrations of antibody. 

The biotinylated antibody MCA 28A32 was also tested on 
a variety of formalin-fixed, paraffin embedded normal tissues. 
The granulocytes, ductle tissue, and all portions of normal 
breast tissue from two individuals were negative. For normal 
35 esophagus, one individual showed moderate to strong staining of 
normal epithelium at the highest antibody concentration tested 
(80 y.g/ml) and produced reduced staining at lower 
concentrations. In the second patient, no staining of the 
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esophagus was seen at a concentration of 40 ug/ml antibody and 
weak staining was observed at a higher concentration of 80 
ug/ml. In normal stomach, two patients showed no staining. In 
the gall bladder, there was weak staining of the epithelixm. 
5 In kidney, the epithelium of collecting tubules reacted with 
the antibody, but no reactivity with glomeruli was seen. In 
the liver, weak staining of the epitheliiun of tubules and ducts 
was seen, but no staining of the parenchyma was noted. In the 
lungs, no staining of the bronchial epithelium or of the 
10 alveoli was seen. This data is summarized in Table 3. 

Antigen Extraction 

HT-29 or WiDr cells were harvested by treatment with 1.0 
mM ethylenediame tetraacetic acid (EDTA) and phosphate buffered 

15 saline (PBS). After pelleting the cells the supernatant fluid, 
designated as cell wash, was saved separately from the cells. 
For the 50K and 46K proteins of CTAA 28A32, the cell washes 
were found to contain as much of these antigens as are present 
from the cells themselves. Cell wash material for these 

20 antigens had fewer contaminants than extracts from the intact 
cells, thus providing a good source of material for the 
isolation of these two proteins. The 36K and 32K proteins of 
CTAA 28A32 were obtained from extracts of frozen cells, which 
were generated by treatment of the cells with a lysis buffer 

25 consisting of 50 mM Tris, pH 7.5, 150 mM NaCl, 5.0 inM EDTA, 1.0 

mM phenylmethylsulfonyl fluoride and 0.5% Nonidet P-40, 

The cells were stirred at 4^C for 60 minutes and then 
clarified by ultracentrifugation at 100,000 x g for 30 minutes. 
Cell wash material was also clarified by this procedure. 

30 

Salt Precipitation of CTAA 28A32 

The clarified supernatant fluid from extracted cells or 
cell wash material was maintained at 4*'C and made to 30% 
saturation by the addition of solid ammonium sulfate. The 
35 mixture was stirred at 4«C for at least 60 minutes and then 
centrifuged at 40,000 x g for 30 minutes. The supernatant 
fluid was then removed and made up to 80% saturation by the 
addition of solid ammonium sulfate, stirred at 4*C for at least 
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60 minutes, and then centrifuged again at 40,000 x g for 30 
minutes . 

The ammonium sulfate pellet from the cell wash 
containing the 50K and 46K proteins was dissolved in a small 
volume of PBS, and the pellet from the lysed cells containing 
the 36K and 32K proteins was dissolved in a small volume of 50 
raM Tris, pH 8.0. 

Gel Filtration Chromatography 

The CTAA 28 A3 2 proteins were chroma tographed on a 
Sephacryl S-200 (5.0 by 90 cm) column pre-eguilibrated in PBS 
at a flow rate of 1.5 ml/min. Extracts were analyzed by SDS- 
PAGE and Western blot analysis and appropriate peaks were 
pooled for further processing. 

Purification of CTAA 28A32 

Since the 50K and 46K proteins of CTT^ 28A32 are 
enriched in the cell washes, and the 36K and 32K proteins are 
enriched in cell lysates^ both of these sources were used for 
the generation of purified antigens. When both preparations of 
antigens were chromatographed by gel filtration after ammonium 
sulfate precipitation, an identical chromatographic pattern was 
observed. As illustrated in Figure 1, several peaks were 
obtained after chromatography. For the 50K and 46K proteins, 
pools 2 and 3 were combined for further processing. For the 
36K and 32K proteins, pool 4 was used for further purification. 
As Figure 1 illustrates, good resolution according to molecular 
size was obtained on the Sephacryl S-200 column and good 
purification of the antigen was achieved by this step. 

Ion Exchange Chromatography 

The pool containing the 50K and 46K proteins from the 
Sephacryl S-200 colximn was dialyzed against buffer containing 
20 mM Tris/HCl, pH 7.4. This pool was loaded onto a Mono Q 
column (Pharmacia, Inc.) previously equilibrated in the same 
buffer. As illustrated in Figure 2, under the conditions used 
the flow through material from this column contained the 50K 
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and 46K proteins. The majority of the protein was bound to the 
column and was eluted with a linear salt grade. 

Pool 4 of the S-200 column (derived from the cell 
extract material) was dialyzed against 50 mM sodiimi acetate 
5 buffer, pH 5.5, and loaded onto a S-Sepharose cation exchange 
coliamn (Pharmacia/ Inc.), previously equilibrated in the same 
buffer. The column was eluted by increasing the sodixim 
chloride concentration of the acetate buffer by 0.05 M stepwise 
increments, up to 0.5 M sodium chloride in the acetate buffer. 
10 As shown in Figure 3, pool 3 contained the 36K protein and pool 
5 contained the 32K protein of CTAA 28A32 determined by SDS- 
PAGE and western blot analysis. 

Hydrophobic Chromatography 

15 In order to separate the 50K from the 46K proteins, the 

flow through pool from the anion exchange column was adjusted 
to 30% ammonium sulfate concentration and then applied to a 
hydrophobic coltann of butyl fractogel (Toyohaus) previously 
equilibrated in 20 mM Tris, pH 7.0, containing 30% ammonium 

20 sulfate. Stepwise elution was then performed on the colximn by 
decreasing the ammonium sulfate concentration by 3% increments, 
down to a concentration of 21% ammonium sulfate in the Tris 
buffer. The colximn was then washed with 20 mM Tris/HCl, pH 
7.4. The flow rate for this column was 1.0 ml/min. The 

25 profile obtained by this elution can be seen in Figure 4. The 
46K protein eluted at 27% ammonium sulfate concentration and 
the 50K protein eluted at 24% ammonium sulfate concentration. 
Both of these antigens were nearly homogeneous after this final 
step. Each pool from the column was dialyzed against 0.1 M 

30 ammoniiam acetate buffer, pH 7.0, and then analyzed by SDS-PAGE 
and Western blot analysis. The 36K and 32K proteins of 

CTAA 2 8 A3 2 were nearly homogeneous after the anion exchange 
coliamn and did not need to be further purified. 



35 



Criteria of Purity 

In order to assess the purity of the isolated proteins 
of CTAA 28A32, SDS polyacrylamide gel electrophoresis was 
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performed for each protein. As can be seen in Figxire 5, the 
proteins seem to be nearly homogenous by this criterion. 

Purity of the native^ non-denatured proteins was 
assessed by size exclusion high performance liquid 
5 chromatography (HPLC). As illustrated in Figure 6, all 
proteins appear to be greater than 95% pure using this method. 

Amino Acid Analysis 

An amino acid analysis was performed using a Waters 

10 Pico-Tag method. The method involves hydrolysis of the protein 
under vacuum followed by derivatization of the resulting amino 
acids using phenylisothiocyanate . The derivatized amino acids 
were then separated and guantitated using reverse phase high 
performance liquid chromatography. 

15 Each purified protein was subjected to hydrolysis 

followed by derivitization with phenylisothiocyanate and 
separation by reverse phase HPLC. The results of this analysis 
are reported in Table 4. The values are expressed as the 
number of residues of each amino acid per mole of protein. 

20 Each of the values represents an average of at least four 
separate determinations. As can be seen from this Table, each 
of the proteins differs from each other in amino acid 
composition. 

25 Protein Sequence Analysis 

Proteins were sequenced from the N- terminal portions of 
the molecule using an automated gas phase protein sequencer 
(Applied Biosystems, Inc.) based on the Edman degradation 
method. For those proteins that had a blockage of the N- 

30 terminal amino acid, thus preventing protein sequencing at this 
position, cleavage of the protein and isolation of peptides was 
performed. Standard methodology involved cleavage using 
cyanogen bromide or proteolytic enzymes followed by separation 
of the generated peptides by reverse phase high performance 

35 liquid chromatography. Individual peptides isolated in this 
way were sxibjected to N- terminal protein sequencing as 
described above. 
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Initial attempts to obtain sequence data for each of 
the proteins was unsuccessful except for the 36K protein, which 
was not blocked. The N-teimdnal amino acids of the 5 OK, 46K 
and 32K proteins were blocked and, thus, were not able to be 
5 sequenced at this position • In order to obtain protein 
sequence information about the blocked proteins, it was decided 
to fragment each purified protein and analyze the fragments for 
protein sequence information. 

The 5 OK and 46K proteins were fragmented by cyanogen 

10 bromide cleavage, which has a specificity for cleavage at the 
carboxyl terminal portion of methionine residues within the 
protein. The 32K protein was fragmented by enzymatic digestion 
with Lys C, which has a specificity for carboxyl terminal 
cleavage of lysine residues within the protein. The peptides 

15 resulting from protein cleavage were separated by reverse phase 
high performance liquid chromatography. The peptide maps 
comparing each of these antigens using the same cleavage 
methods indicated different peptide maps for each protein. The 
fragment obtained by cleavage for each protein that represented 

20 the most predominant and reproducibly isolatable fragment was 
used to generate protein sequence information about a 
particular protein. 

The data reported in Figure 7 shows protein sequence 
information for the 50K, 46K, 36K and 32K proteins of CTAA 

25 28A32. When these sequences were checked against existing 

protein databases, no significant homologies were found with 
known proteins except for the 46K protein, which had homology 
with human a enolase. This homology was approximately 75% to 
80% and may indicate that this protein represents an altered 

30 form of a enolase produced in tumor cells. No other protein 
possess significant homologies with any other sequences listed 
in the protein database. 

Human T-Cell Reactivity to CTAA 28A32 
35 Generation and Analysis of Human T-Cell Clones 

Human T-cell clones were isolated from the tumor 
infiltrating lymphocytes of human colon carcinomas from five 
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different individuals and tested for blastogenic responses to 
isolated piire CTAA 28A32 proteins. T-cells were cloned by 
plating collagenase dissociated hviman colon tiimor cells by 
limiting dilution in 96 well plates containing 10^ autologous 
x-irradiated tumor cells as stimulators in a basal medium of 
RPMI-1640 supplemented with 10 units interleukin-2 (IL-2)/ml, 
20% human AB seriim, L-glutamine, sodium pyruvate, non-essential 
amino acids, HEPES buffer, penicillin, streptomycin, gentamicin 
and fungizone. T-cell clones were expanded in the same medium 
and stimulated every 7 to 14 days with autologous tumor to 
maintain their anti-t\imor reactivity and specificity. 

T-cell subset analysis was performed by flow cytometric 
analysis of cells labelled with fluorescein conjugated murine 
monoclonal antibodies to CD4 (T-helper) and CDS (T cytotoxic) 
cell surface markers. Blastogenic responses of CD4 positive T- 
cell clones were determined using a microtiter assay where 10^ 
cloned T-cells were incubated in each well of 96-well 
microtiter plates with 5 x 10® autologous Epstein Barr virus 
transformed B cells (for antigen presentation), 10 ixg/ml of 
test _or control antigen immobilized on nitrocellulose in the 
growth medium reported above with the addition of one unit IL- 
2/ml, for six days at ST'C. Cells were pulsed with 1.0 y.Ci 
[^H] -methyl thymidine for 18 hours, harvested onto fiberglass 
filters and counted in a scintillation counter to determine the 
amount of [^H] incorporated, a measure of cell growth in 
response to specific stimulation by antigen. A stimulation 
index (SI) was calculated by dividing the counts per minute 
(CPM) of cells treated with test antigen by the CPM of cells 
treated with control antigen. A SI above 2.0 was considered 
significant. 

The majority of the .clones isolated were of the T-helper 
(CD4) phenotype. When assessed for reactivity to CTAA 2 8 A3 2 
proteins, clones from two different individuals (WOR and KEH) 
responded to the 46K protein (Table 6). Two different clones, 
#15 and #16, from WOR, and one clone, #11, from KEH 
proliferated in response to the 46K protein but none of the 
other CTAA 2BA32 proteins. The 46K protein is not a general T- 
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cell stimulator, as clones from other individuals did not 
respond (see Table 5, ROBC63). 

Because T-cell immunity is a key factor in tiamor 
regression in man and animals ^ the T-cell responses from tumor 
bearing individuals to the tumor associated antigens may be 
indicative of the relevancy of these antigens as a vaccine for 
human colon cancer. The fact that negative responses were 
obtained for 50K, 36K and 32K proteins of CTAA 28A32 is not 
significant since a large niunber of clones would have to be 
tested in order to determine that these proteins were not 
suitable vaccine candidates. The reactivity of the 46K protein 
is significant since three separate reactive T-cell clones were 
identified indicating that this antigen may be relevant for use 
as a vaccine. 
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Table 1. 



REACTIVITY OF MCA 2 8 A3 2 ANTIBODY WITH AIR-DRIED COLON 

TOHOR CELL LINES AND XENOGRAFT CELLS 

cell Lines Ant4-t>o4Y CQncentratioi^ Reactivity 

HT-29 0.3 /zg/slide 2+ 

SW-1463 0.3 /xg/slide 2+ 

SW-948 0.3 /xg/slide 4+ 

SW-»403 0.3 Mg/slide 3+ 

LS-174 0.3 /xg/slide 3+ 

LoVo 0.3 Mg/slide 3+ 

WiDr 0.3 /xg/slide 1+ 

ATK Xenograft 17 ng/slide 1+ 

JEF Xenograft 85 ng/slide 1+ 

THO Xenograft 17 ng/slide 1+ 

BLU Xenograft 17 ng/slide 1+ 
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Table 4. 

AMINO ACID ANALYSIS OF CTAA 2 8 A3 2 



Amino Acid 5 OK 



TV 


N 


**40 




Q 


53 


s 




28 


6 




41 


H 




13 


R 




23 


T 




31 


A 




34 


P 




16 


Y 




13 


V 




15 


M 




4 


I 




15 


L 




39 


F 




13 


K 




41 


W 




3 


C 




4 



Antigen 

46K 


36K 


32K 


36 


25 


26 


37 


32 


34 


25 


23 


25 


30 


18 


29 


4 


3 


3 


21 


19 


17 


21 


18 


16 


31 


26 


21 


13 


7 


7 


16 


17 


11 


18 


14 


12 


6 


6 


5 


17 


15 


13 


33 


25 


23 


14 


5 


8 


22 


28 


18 


2 


1 


2 


3 


2 


2 



^Expressed as the total number of amino acid residues 
per mole of antigen. 
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Table 5. 

HUMAN T-CELL GLOMES BLASTOGENIC RESPONSES 
TO TUMOR ANTIGENS* 



CPM (SI)** 

ANTIGEN 

HOR C15 WOR CIS KEH CII ROB C63 



Media Control 




444 




454 


11,705 


1,827 


Nitrocellulose 
Control 




418 




446 


11,527 


2,225 


CTA «2 p50 


408 


(1.0) 


319 


(0.7) 


28,604 (2.2) 


3,749 (1.5) 


CTA «2 p46 


1,328 


(3.2) 


1,236 


(2.8) 


36,695 (2.9) 


4,073 (1.7) 


CTA «2 p36 


430 


(1.0) 


436 


(1.0) 


17,907 (1.4) 


2,796 (1.1) 


CTA «2 p32 


522 


(1.2) 


581 


(1.3) 


21,391 (1.7) 


2,693 (1.1) 



^C.P.H. is mean counts per minute of triplicate meastirements; S.I. is the 
Btiinulation index determined by dividing the C.P.M. of cells in the 
presence of test antigen by the C.P.M. of cells in the presence of the 
nitrocellulose control. 

•Cloned T-cells at 10^ cells/well froan patient HOR, KEH and ROB were 
incubated six days with 5 x 10^ x irradiated autologous EBV-transfomed B- 
cells, lU IL-2/ml and 10 \ig nitrocellulose inmobllized test antigen/ml 
then pulsed with 1 ^Ci ["^Hl-TdR, harvested and counted. 
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WE CLAIM ; 

1. A human tiimor cell epitope immunoreactive with human 
5 monoclonal antibody 28A32 having ATCC accession number HB 8945, 

found on a tumor associated antigen shared by colon carcinoma 
cell lines HT-29, SW1463, SW948, SW403, and LoVo, having ATCC 
accession numbers HB 38, CCL 234, CCL 237, CCL 230 and CCL 229, 
and WiDr, which is available from the Wistar Institute, 
10 Philadelphia, PA USA. 

2. A h\iraan tumor cell antigen comprising the human tumor 
cell epitope of claim 1, having a molecular weight of 50K, 46K, 
36K or 32K determined by SDS polyacrylamide gel 
electrophoresis, and subunits thereof that are immunoreactive 

15 with the human monoclonal antibody 28A32. 

3. A method for detecting the presence of tumor cells 
having an antigen comprising the epitope of claim 1 in a 
mammalian subject, comprising reacting a specimen from said 
subject with a reagent comprising an antibody directed against 

20 said epitope and detecting any resulting antibody/ antigen 
immunoccn jugate . 

4. The method of claim 3, wherein the subject is hiiman. 

5. The method of claim 3, wherein the reagent comprises 
hximan monoclonal antibody 28A32. 

25 6. A method of monitoring cancer therapy comprising 

detecting the presence of tumor cells by the method of claim, 3 
and determining the quantity of tumor cells. 

7. The method of claim 6, wherein the reagent comprises 
human monoclonal antibody 28A32. 
30 8. An antibody produced by immunizing an animal with an 

immunogen comprising the epitope of claim 1, isolating cells 
producing antibodies to said epitope, and immortalizing the 
isolated cells. 

9. A vaccine comprising an iramunogenically effective 
35 amount of the antigen of claim 2. 

10. The epitope of claim 1, comprising an anti- idiotypic 
antibody produced by immunizing an animal with human monoclonal 
antibody 28 A3 2. 
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11 • An ant i- idiotypic vaccine comprising the anti- 
idiotypic antibody of claim 10, 

12. An immunochemical reagent comprising an emtibody 
directed against the antigen of claim 2 and a compound selected 
from the group consisting of a detectable label and a cytotoxic 
compound. 
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FIG. 5 
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FIG. 6a 
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FIG. 6b 
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•^X Indicates that an amino acid could not be Identified at this 
position. 

Indicates that this amino acid has an equal probability of 
occupying the position indicated. 
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ATTACHMENT TO PCT/ISA/210, Section VI: 



This appllca'txon cont.axns the following inventions or groups 
of inventionB which are not so linked as to form a singie 
inventive concept. In order for all inventions to be examined, 
the appropriate additional examination fees must be paid. 

Group I, claims 1-7, drawn to a human tumor cell epitope and a 
method of monitoring cancer therapy. 

Group ri, claim 8, drawn to an antibody raised against a human 
tumor cell epitope. 

Group III, claim 3, drawn to a vaccine containing the human tumor 
cell epitope. 

Group IV, claims 10 and 11, drawn to an anti*idiotypic antibody 
and a vaccine containing said antibody. 

Group V, claim 12, drawn to an immunochemical reagent. 

The inventions listed as Groups I-V do not meet the requirements 
for Unity of Invention for the following reasons: 

Groups II-V contain materially different products than the 
product of Group I. The antibodies of Groups II, IV and V are 
obtained by materially different processes than the epitope of 
Group 1, and the epitope ol Group 1 can be used in materially 
different processes, such as for therapy or for a vaccine, as 
presented in Group III. The vaccine of Group III is materially 
different that the epitope of Group I because in addition to the 
epitope, a vaccine contains carriers which are not needed ior the 
method of Group I. Tne antibody ol Group V is materially 
different than the antibody of Group V because the antibody of 
Group II does not require the label of Group V and can be used m 
materially different processes, such as aflinity chromatography. 

Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Jacantha 
n. Stall whose telephone number is (703) 308-0708. 

Any inquiry of a general nature or relating to the status of 
this application should be directea ro the tsroup receptionist 
whose telephone number is (703) 308-0196. 



